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ULTRAMICROSCOPIC PHAGOCYTOSIS OF SYNTHETIC MELANIN
BY EPIDERMAL CELLS IN VIVO*
BRIAN POTTER, M.D. AND MARIA MEDENICA, M.D.
Ultramicrographs have been published show-
ing groups of melanosomes within keratino-
cytes, each group usually surrounded by either
one or two membranes (1, 2, 3). Evidence has
been presented, in the case of hair, that this is
due to phagocytosis (1). Other electron mi-
crogra.phs have indicated that in the skin the
meIaiocytic dendrite penetrates the epidermal
cell (2).
Epithelial cells are capable of actively in-
gesting portions of melanocyte whether or not
dendrites are present, as has been shown in
tissue culture (4) and surmised from studies
of hair (5). In tissue culture it has been demon-
strated that a clump of granules escapes from
the dendrite and that the epithelial cell is an
active partner in removing these granules from
the melanocyte, possibly by protease digestion(6). It has been envisaged from ultramicro-
graphs of hair that melanin granules are ex-
truded from dendrites into the intercellular
space and then ingested by the epithelial cell
(7). Such transfer usually requires melanocyte-
keratinocyte contact, but granules can be
secreted from the melanocyte into the dermal
papilla and may be transferred into adjacent
connective tissue cells or ground substance (5).
Thus transfer of melanin granules can occur in
absence of the usual melanocyte-epithelial cell
relationship.
Objection may be raised to these reports of
phagocytosis by epithelial cells because in tissue
culture and in disease possibly any cell can
exhibit phagocytic properties. Furthermore,
it may be questionable if electron micrographs
of non-experimental preparations can be inter-
preted as showing stages of a continuous proc-
ess. We have therefore made an experimental
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study in vivo of the uptake of extraneous
synthetic melanin by epidermis. To eliminate
confusion with natural pigment, albino ani-
mals were used.
METHOD
A 0.2% dopa solution was made by adding L-
3,4 dihydroxyphenylalanine to phosphate buffer
pH 7.4 and heating to dissolve. On exposure to
air melanin gradually formed. The mixture was
kept in a refrigerator and was stirred overnight
before being used. In some experiments the
suspension was centrifuged several times, the
pellet being ground in a mortar, resuspended in
distilled water, and finally in saline.
The animals were pink-eyed albino guinea
pigs of the English strain. For each experiment a
fresh animal was chosen. The melanin suspension
was first applied on both surfaces of the skin of
the ear, which was then punched completely
through with a device made of 7 sewing needles
inserted tightly into clear plastic tubing to hold
the needles rigid. Afterwards the ear was massaged
gently.
Biopsies were taken from normal animals and
at intervals after the animals had been injected.
The specimens were taken with a 2 mm punch
and cut with a razor blade into 4 small pieces,
fixed in collidine-buffered osmic acid for 2 hours,
dehydrated in ethanol, embedded in araldite, sec-
tioned on a Porter-Blum ultramicrotome, stained
with uranyl acetate and lead citrate and examined
in an RCA EMU-3H electron microscope.
RESULTS
In 40 of the tissue blocks examined the in-
jected material was located in the dermis or
in the needle track. None was found within
epidermal cells in 17 Uocks of tissue excised
immediately after injection, after 4 hours, and
after 8 hours.
Of the 6 biopsies taken sixteen hours after
injection, one block contained small amounts of
amorphous melanin in some squamous cells,
several cell diameters from the needle track
in the basal and next higher layer (Fig. 1). The
material was enclosed within vacuoles bounded
by a single membrane, usually located close to
the cell nucleus. There was edema both within
and between cells, which had formed occasional
keratohyalin granules.
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FIG. 1. Part of a keratinocyte two cell diameters from the needle track, 16 hours after in-
jection of dopa melanin. Ph: Membrane-bound vacuole (phagosome) containing amorphous
melanin. T: tonofilaments. N: nucleus.
Fio. 2. Keratinocyte, 24 hours after injection. PhL: phagolysosome, vacuole containing
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Fic. 3. Part of a macrophage in the dermis 24 hours after injection. Several mitochondria
are present in the cytoplasm. PhL: phagolysosomes containing amorphous melanin (A) and
myelinlike concentric whorls (MW). N: nucleus.
After 24 hours injected material was still
present within the parakeratotic crust repre-
senting the acedlc track. In one of 5 biopsies the
dopa melanin was again demonstrable in
squamous cells, withm vacuoles. Some of these
had a distinct membranous boundary and con-
tained a system of membranous laminations as
well as the foreign material (Fig. 2). The cells
displayed aggregated tonofilaments, lipid drop-
lets, and autophagic vacuoles containing de-
generating mitochoadria.
In each prepared section 2 or 3 epidermal
cells close to the needle track had taken up the
injected material. No amorphous melanin was
found within melanocytes but most sections
contained only one and others contained none
of these cells. Partially pigmented melanosomes
were present in the melaaocytes, even in the
albino animals. The squamous cells contained
a few pigmented degenerating melanosome com-
plexes.
The dermis showed patches of amorphous
melanin among collagen fibrils, some phago-
cytos2d by macrophages. In these the particles
were found in bounded vacuoles some of which
contained myelinlike concentric membranes
(Fig. 3).
No dopa melanin was found within epidermal
cells in the 12 biopsies made 48 and 72 hours
after inoculation. By this time the needle
track was partially healed but still partly
filled with parakeratotic material.
COMMENT
There do not appear to have been any pre-
vious reports of the uptake of synthetic melanin
by epidermis. Comparison of our findings with
ultramicroscopic studies of other injected
materials shows more similarity to the epidermal
phagocytosis of carbon than that of ferritin.
Injected particles of ferritin are sufficiently
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out the dermis, to cross the basement mem-
brane, and to enter basal cells though pino-
cytosis (8). Carbon particles in the form of
india ink are larger by about one order of mag-
nitude. These have only been shown to enter
epidermal cells in the region of the injury
produced by the inoculation (9).
Study of the fate of injected particles as
large as dopa melanin is inseparable from the
experimental wound. The injected particles
were phagocytosed by squamous cells but only
by those displaying some signs of damage.
This may have been because the insoluble
melanin deposits were separated from intact
epithehum by somewhat damaged cells or by
basement membrane. Nevertheless, epidermal
cells did not show the avidity for synthetic
melanin that has been reported for portions
and products of melanocytes in tissue culture.
The apparent failure of melanocytes to take up
dopa melanin may be due to the relatively
small population of tins type of cell within
the epidermis.
Tn 16 hour specimens epidermal cells and
some dermal macrophages that phagocytosed
dopa melanin contained it in membrane-bound
vacuoles. These pre-lysosornes showed no evi-
dence of digestion and may be referred to as
phagosomes (10).
Tn 24 hour specimens some of the vacuoles
contained membranous whorls in association
with the artificial melanin. These multicentric
laminations probably represent residual lipid
and are signs of degradation of cytoplasinic
components. The vacuoles in which they are
found appear to be formed by the merging of
phagosornes and lysosomes, and may be called
phagolysosomes (10, 11, 12, 13).
SUMMARY
Uptake of synthetic melanin by epidermal
cells was studied by taking biopsies at intervals
after injection of dopa melanin into the skin.
This material was located within squamous
cells close to the needle track, in their cyto-
plasm within membrane-bound phagosomes.
Eve1tually it was contained, together with a
system of membranes, in cytoplasmic vacuoles
having morphologic characteristics of phago-
lysosomes. This is evidence of the capacity of
keratinocytes to phagocytose artificial melanin
in vivo under these circumstances.
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